Abstract. Software quality is a many-faceted concept that depends on the kind of artifact to be measured, the context where measurement takes place, the quality framework used, and others. Furthermore, there is a great deal of standards, white papers, and in general proposals of any kind related to software quality. Consequently, a unified software quality framework seems to be needed to compare, combine or select these proposals and to define new ones. In this paper we propose a MOF-compliant approach for structuring quality models in order to formalise software quality issues and deal with quality information modelling. We propose two types of models: a generic model, situated in the M2 MOF layer; and a hierarchy of reference models, defined in the M1 and M0 MOF layers. The generic model elements are derived from the UML metamodel by specialization. Then, we can instantiate them to get reference models that formalise (combinations of) existing proposals which may be further refined for defining quality frameworks to be used in different experiences. Each of these models is divided into three parts, namely fundamental concepts, metrics and context. We illustrate our proposal providing a multi-level reference model in the context of collection libraries quality evaluation.
Introduction
Quality assessment and management (QA&M) plays currently a crucial role in all the facets of software development. This means that not only the software process and the system-to-be are targets of QA&M, but also subprocesses such as specification, design and testing, and software-related artifacts such as system requirements, specifications and software architectures. As a result, we may find a great deal of proposals aiming at the study of QA&M issues in those contexts, so diverse in nature such as software process assessment and improvement [32] , analysis of data models like UML class diagrams [18] or ER models [27] , measurement of OO designs [6] , and so on. Furthermore, the tendency seems not to converge into more compact, generalpurpose frameworks but on the contrary, to provide new, specialized proposals.
All of these proposals share a core of common concepts, e.g. metrics, quality factor, etc., but it is not obvious to identify similarities and differences between them. This difficulty hampers the understanding of the quality frameworks, their further ex-tension or evolution, and their comparison when it becomes necessary to choose one in a given context. Several authors claim that ontologies, conceptual models or similar descriptions are needed in order to precisely define the concepts, processes, languages and tools related to software quality [24, 30] . The goal is the definition of a framework useful to analyse the variety of approaches, to define new ones and to adapt the existing ones to new contexts. As a result, it becomes necessary to work on the foundations, to obtain a set of widely accepted general concepts with a clear structure to be used as the basis of particular methods and tools.
In [5] we proposed a 3-level hierarchy of quality models. Each level was related to a different abstraction degree: the generic model provided a universal unified framework; reference models allowed the definition of operational frameworks, ready to be used as the concepts coming from the generic model were instantiated; domain models fit in the specificities of concrete QA&M experiences and set a comfortable way to deal with quality. This hierarchy was a good starting point for stating a quality framework but some serious problems were identified:
• Our proposal was ad hoc, without being integrated into any existing and consolidated metamodel, architecture or ontology. This was a serious drawback considering three different aspects: semantics of the models; reuse of existing concepts, methods and tools; and dissemination of the approach.
• The frontier among reference and domain models was too fuzzy and arbitrary. In fact, for some applications, we found that the last thing to refine was not the domain but other parts of the generic model, for instance the type of artifact itself or the metrics to be used. • We just allowed one level of reference and domain models. This was in fact a serious limitation, since it was impossible to refine or combine models hampering thus quality knowledge structure and reuse.
• We included in the generic model a dimension (the language dimension) that is not present in all the approaches, unlike the other three dimensions that we consider.
• Our experiences were a few and then the proposal was still unstable. Once we acquired more knowledge we discovered some minor flaws, specially in the generic model.
In this paper we propose a conceptual framework for structuring quality models that overcomes these drawbacks. The framework is presented in section 2. It is integrated into the Meta Objects Facility (MOF) architecture [26] as an extension of the UML metamodel [36] , it supports a hierarchical structure of reference models without imposing any particular refinement order, it removes the language dimension and it has been validated with a greater number of cases (i.e., proposals about quality available in the literature). The core of the proposal is presented in sections 4 and 5. Previously, section 3 provides a short summary about the MOF architecture and UML metamodel. Section 6 provides the conclusions.
A Hierarchy of Quality Models
We present a framework for dealing with software quality that consists of a hierarchy of two types of quality models:
